Abstract-Waste paper recycling has increased dramatically in recent times, and will continue to do so in the foreseeable future. Ink removal constitutes one barrier to converting this raw material into quality products. Enzymatic deinking represents one approach to lowering this barrier. Enzymatic processing, offers potential opportunities for changing the pulp & paper industry towards more environmentally friendly and efficient operations compared to conventional methods. The study addresses two (2) commercial enzymes (lipase and esterase) for their efficiency and suitability used in deinking of laser-printed paper and how their sequences can facilitate the best result of the deinking process. Results revealed that both are with great potential with lipase is superior to the esterase in the deinking of laser printed paper.
I. INTRODUCTION
Enzymatic deinked pulp helps to decrease the need of chemical usage by 50-60% in practical and have been accepted as an ecofriendly cost effective methodology by most succeeded researchers since the last few years. According to Bajpai et al. [1] , the results on the optical properties of pulps gained through this bio-enzymatic deinking was compatible to the one gained from conventional deinking process. According to the research, this biodeinking combined with some chemical deinking approach resulted in a decrease of 20.15% and 22.64% in BOD and COD values of effluents and a gain of 10.71% in viscosity, 7.49% in breaking length, 10.52% in burst factor and 6.25% in tear factor as compared to conventional chemical deinking [2] . This approached has been putting waste paper recycling as an alternative that can alleviate waste paper stress on the environment, unfortunately recycling has its own problems. One of the most important problems of producing printing and writing marketable papers from waste papers is the variation of printing processes and ink used in the printing industry [3] . Consequently, when a mixture of waste paper is re-pulped, different kinds of ink particles having different sizes and qualities are released into the Manuscript received January 30, 2016; revised July 4, 2016. suspension. In this condition, the importance of deinking method selection becomes more important. Considering the increases in waste paper usage in the paper industry, the need for an efficient method with lower pollution, higher elimination of ink particles, and improvement of product quality level is being felt more than ever. So, it is imperative to have technology that deinks ink particles to an acceptable residual ink count in economical and environmentally acceptable scopes. The common industrial methods for deinking are costly and require high amounts of chemicals that increase environment pollution. Therefore, waste paper recycling mills have a motivation to apply lower chemicals and more environment friendly methods. Enzymatic deinking (bio-deinking) has proven as an environmentally friendly solution for waste papers recycling. Enzymatic deinking uses enzymes to enhance the removal of inks from waste paper and can be more effective and less expensive than conventional deinking chemicals. Also, it tends to avoid some problems associated with alternative treatment technologies [4] , [5] . The mechanism of enzyme deinking has not been clearly define but several authors have reported that removal of oil-carrier-based inks can be facilitated by treatment with lipases and esterase [6] which can degrade vegetable oil based inks. This paper is focused on the effects of temperatures and pH on the deinking of laser-jet waste paper using commercial lipase and esterase towards the brightness of the gained pulps.
II. MATERIAL AND METHODS

A. Enzyme Assays
Lipase and esterase (Sigma) activities were assayed by olive oil emulsion method modified from Mustranta et al. [7] . Substrate was prepared by homogenizing 30 mL of olive oil with 70 mL of emulsification reagent for 3 min [8] . 5 mL of emulsion was mixed with 4 mL of 0.2 M phosphate buffer, pH 7.0 at 200 rpm and was run at 0°C to 65°C for 10 min, before the addition of 1.0 mL diluted enzyme followed by 30 min incubation. Reactions were stopped using 20 mL of 95% ethanol [5] . Heat inactivated enzyme was used as control and the fatty acids released during the incubation were immediately titrated with 50 mM NaOH. One unit of enzyme of lipase and esterase represented the release of 1µmol of fatty acid per min respectively under the above assay condition [3] . The optimum temperature was used during effect of optimum pH (3.5-10.5).
B. Selection of Papers
A 70 g/m2 A4 paper was printed with toner on a laser canon LBP-1120 printer and cut into 40 square per sheets with size 2.5 cm x 2.5 cm. The cuts were pre-treated with 0.5N HCl for 30 min before applying to enzyme treatment [9] .
C. Effect of Enzymes at Different Temperatures on Ink
Removal Enzymatic hydrolysis was performed at pH 7.0 and temperature of 0°C, 5°C to 65°C for both lipase and esterase. 4 pieces (±0.8 g) of papers were dipped into 0.2 M citric-NaOH buffer for 10 min and shaken at 60 rpm prior for enzyme addition [3] . Each enzyme was previously diluted to 10 U/ml. Control was run using thermally inactivated enzyme. The reactions were stopped by 10 min boiling and were used to assay for reducing sugar. The papers were rinsed 3 times with dH2O before the flotation process. The initial conditions for the flotation process were pH 6.0, 0.5% (w/w) of Tween 20, 2 L/min of air flow rate, room temperature and 30 min of flotation time. After flotation process, the papers were taken for brightness analysis. The brightness increase (%) was determined by subtracting blank brightness from sample brightness [3] using TAPPI method [9] . The method is repeated again using the maximum temperature; 40°C for both enzymes at pH 7.0.
D. Effect of Enzymes at Different pH on Ink Removal
Enzymatic hydrolysis was performed at pH 3.5 to 10.5 at 40°C for both lipase and esterase. Methods above were repeated but with various pH values for the flotation process. The initial conditions for the flotation process were various pH, 0.5% (w/w) of Tween 20, and 2.0 L/min of air flow rate, room temperature and 30 min of flotation time. After flotation process, the papers were taken for brightness analysis. The brightness increase (%) was determined by subtracting blank brightness from sample brightness [8] using TAPPI method [3] . The best pH for ink removal is recorded.
E. Effect of Different Enzyme Sequences on Ink
Removal. Enzymatic hydrolysis was performed at pH 7.0 and temperature 40°C. 4 pieces (±0.8g) of papers were dipped into 0.20 M citric-NaOH buffer for 10 min and was shaken at 60 rpm prior for enzyme addition [1] . Each enzyme (lipase, L and esterase, E) was previously diluted to 10 U/ml to ensure an even enzymes distribution on the papers. The dosage chosen was based on preliminary results to determine the appropriate amount of enzymes necessary to produce reasonable deinking level. Enzymes of different sequences were added at 10 min interval. Then, the mixtures were incubated for 60 min. Control was run simultaneously using thermally inactivated enzyme. The reactions were stopped by boiling for 10 min and the solutions were used to assay for reducing sugar [3] . The papers were rinsed three times with dH2O before applied to the flotation process and the initial conditions for the flotation process were set at pH 7.0, 0.50% (w/w) of Tween 20, 2 L/min of air flow rate, room temperature and 30 min of flotation time [3] . After the flotation process, the papers were taken for brightness analysis. The brightness increase (%) was determined by subtracting blank brightness from sample brightness [3] , [9] .
F. Observation of Enzymatic Treated Papers under
Scanning Electron Microscope (SEM) After the flotation process, the de-inked papers were rinsed three times with distilled water and were air-dried under room temperature [3] . The de-inked paper was cut and mounted onto a Scanning Electron Microscope specimen stud with a double-sided sticky tape and the papers were then coated with a layer of approximately 20 nm thick gold using sputter coater (POLARON SC515). The coated papers were examined under SEM with 500 times magnification.
III. RESULTS AND DISCUSSION
A. Effect of Temperatures on Lipase, Esterase and
Correlation to the Paper Brightness Fig. 1 shows that both lipase and esterase enzymes distinctively exhibited almost the same optimum temperatures. The lipase exhibited maximum activity of 203.33 ± 0.1 U/ml (pH 7.0) while esterase with lower value of activity (141.33 ± 0.2 U/ml, pH 7.0) both at 40°C. The result was in agreement with research by Sugihara et al. [6] that has been showing lipase optimum temperature range was between 30°C to 45°C. The report by [3] showed that Penicillium wortmanii lipase has a maximum activity at 45°C. In this paper, research has significantly found that higher temperature ranged between 50°C to 60°C (Fig. 1) has exhibited very clear decreasing values of activity starting at 50°C for both enzymes. Lipase and esterase lost about 22% and 52% activities respectively at 50°C as to compare with the maximum enzyme activities at the optimum temperatures (40°C) shown in Fig. 1 . Thus, as expected, the temperatures have given arise to a great different of paper brightness.
The quality of deinking activity by both enzymes has been studied on the hydrolysis of laser-jet printed paper through its brightness results performed using method by [8] using TAPPI test. Brightness of paper was measured by comparing the amount of light, of a prescribed single wavelength (457 nm) in the blue region of the spectrum, reflected by a pad of that paper to the amount that is reflected by an arbitrary standard having 100 reflectance at this same wavelength. The method is defined by TAPPI as method T452. Brightness increased using the method and relation to the temperatures is shown in Fig.  2 . Percentage of brightness for all temperatures tested for the deinking activities by both enzymes shows great correlation with the optimum activity of the enzyme itself. The highest brightness values were recorded with lipase enzyme at 40°C (2.89%) followed by lipase at 45°C © 2016 Journal of Life Sciences and Technologies (2.63%) and lipase at 35°C (2.60%). As for the esterase, the values of paper brightness were not as high as the lipase but the result was significant to the values of esterase activities shows in Fig. 1 . Figure 1 .
Effect of temperature on lipase and esterase activities Figure 2 . Brightness quality of laser-jet printed waste paper treated by lipase and esterase at temperature of 0°C to 65°C.
As correlated for lipase, esterase too has been showing the increment and decrement of brightness value significant to the enzyme activities. The highest percentage of paper brightness for esterase was recorded at 40°C as 1.59% followed by 45°C (1.55%) and 35°C (1.49%). For both enzymes, the percentage of paper brightness was decreasing at 45°C towards 65°C with values of brightness recorded as comparable to values achieved at 20°C.
B. Effect of pH on Lipase and Esterase Activities
The assay was performed for 30 min both at 40°C for lipase and esterase. The ionic strength for all buffers was 0.20 M; citric-NaOH, pH 3.5 to 5.5; phosphate buffer, pH 6.5 and 7.0; Tris-HCl, pH 8.5; glycine-NaOH, pH 9.0 and 9.5 and carbonate (pH 10.5). Fig. 3 shows the pH profiles of lipase and esterase from the same source with optimum pH ranging from 3.5 to 10.5. The maximum pH for lipase activity was pH 6.5 (221.33 U/ml, 40°C). This result is acceptable as Lee et al. [3] have also reported that the optimum pH exhibited by lipase enzyme produced by Penicillium wortmanii was 6.5 [3] . While the lipase produced by Rhizopus oryzae exhibited optimum pH and temperature at 7.5 and 40°C respectively [3] . Similar result was reported by Hiol and the team [3] whom observed that the optimum pH for Rhizopus oryzae was at pH 7.5. Unlike lipase, esterase exhibited optimum pH of 7.5 with value of activity of 141.333 U/ml also at 40°C. The result was in agreement with Khalameyzer & Bornscheuer [9] who have reported that, the esterase produced by Pseudomonas fluorescens showed an optimum pH and temperature at 7.5 and 43°C respectively. Fig. 4 , it can be seen that the result indicated that more than one enzyme was required to perform good product of deinking of laser printed-papers. The enzyme sequence L+ E has the highest brightness increased which was 3.20% followed by sequence E+L of 3.00%. This slightly difference in the brightness increment probably due to the 10 min interval time before each of the enzymes were added was too short to show the differences [9] , [10] . The increased in brightness or removal of oil-carried-based inks was facilitated by treatment with lipases and esterase, which can degrade vegetable oil based inks [11] . The addition of lipase from Pseudomonas species (KWI-56) to a deinking composition for ethylene oxide-propylene oxide adducts stearate improved whiteness of paper and residual ink spots. The lowest brightness increment was gained using the enzyme sequence E, with the increment of about 1.50% and followed by the enzyme sequence L that was about 2.90%. The combination of two enzymes resulted in slightly higher in deinking efficiency compared to the addition of either lipase or esterase. Morkbak & Zimmermann [8] reported that the combined enzyme hydrolysis of vegetable oil based ink resulted in a 2-3% increase in deinking efficiency compared to the addition of only lipase. Lee et al. [3] has reported the same but lipase was pronounced to have lower ability towards deinking when it's working alone to compare with when it works in sequences of enzymes. Lipase partially degraded acrylic and hydrocarbon resins of the toner [7] which resulted in the accumulation of toner particles on the surface of the paper, making removal by flotation process difficult and therefore the brightness decreased [3] .
C. Effect of Different Enzymes Sequences on the Ink Removal Based on
D. Observation of Enzymatic Treated Papers under
Scanning Electron Microscope (SEM) Fig. 5(a) and 5(b) show the toner in flat, plate like particle which was homogeny dispersed onto a paper fiber before any enzymatic reaction while Fig. 5(c) shows removed and unremoved toner from the sheet by esterase. After undergoing the enzymatic hydrolysis, lipase resulted some of the toner being ripped off from the paper as indicated in Fig. 5(d) . However, these toners released from fiber was difficult to disperse and removal by conventional deinking process [3] . Therefore, to enhance the brightness of the paper, the optimization of the enzymatic reaction process with continuous removal of hydrolyzed ink must be carried out. The author Carr [2] reported that the toners used in laser printer are consisting of thermo-plastic resin pellets such as copolymer of acrylate and styrene or polyester along with pigment such as carbon black. This characteristic has contributed to stronger bond between the ink and the pulp and therefore lesser brightness is achieved during floatation. According to the laser-jet biodeinking team [3] , toner particles were heated to about 200°C to fuse the styrene-acrylate and to bind the toner particles to the paper that helped to maintain stronger bond and this lead to hardness during the paper recycling.
IV. CONCLUSION
This research has successfully shown that lipase and esterase enzymes can be used to deink laser-jet printed papers which are difficult to be done by the conventional chemical deinking processes. Both enzymes are with great potential with lipase is superior to the esterase in the deinking of laser printed paper. The paper brightness has achieved the standard level of paper brightness quality achieved with most conventional method and therefore this method is recommended to be practice for commercialization. However, research on enzymatic deinking will require special conditions to be looked into so further analyzation will be carried out and mostly on the enzyme concentration and enzyme sequences. This research is supporting the use of enzyme to be used as alternative method to current chemical deinking process which is not environmental friendly.
